Abstract-There has been an increasing interest in conducting Systematic Literature Reviews (SLR) among Requirements Engineering (RE) researchers in recent years. However, so far there have been no tertiary studies conducted to provide a comprehensive overview of these published SLR in RE. In this paper we present a tertiary study of SLR that focus solely on RE related topics by following the guidelines of Evidence Based Software Engineering. We have conducted both automated search of major online sources and manual search of the RE and SLR related conferences and journals. Our tertiary study has identified 53 distinct systematic reviews published from 2006 to 2014 and reported in 64 publications. We have assessed the resulting SLR for their quality, and coverage of specific RE related topics thus identifying some gaps. We have observed that the quality of SLR in RE has been decreasing over the recent years. There is a strong need to replicate some of these SLR to increase the reliability of their results for future RE research.
I. INTRODUCTION
In early 1990"s, RE emerged as a discipline of its own and dedicated conferences (e.g. ICRE, ISRE, REFSQ) and a journal (REJ) were established to promote the research in RE [1] . RE research community has made significant progress on various fronts and has accumulated a large body of knowledge to deliver new processes, tools, techniques, methods and frameworks [2] . Attempts have been made with traditional reviews (e.g. [1, 2] ) as well as systematic reviews to aggregate and present the state of the art on various RE topics, e.g. Elicitation Techniques [3] , Requirements change and Evolution [4, 5] , and user related issues [6] [14] .
Systematic Literature Reviews are secondary studies that provide a way of synthesizing the available primary studies in empirical literature on a particular topic [7] . SLR is distinguished from a traditional review as it follows a rigorous and scrupulous procedure for search and selection of the sample studies in review. It is methodical and meticulous process of collecting and collating the acceptable quality published empirical studies based on a systemic protocol to reduce bias and provide transparency to the process. The process is formally documented and hence repeatable. There are three types of SLR [7, 8] :
Conventional SLR: they provide review of a focused and finegrained research question(s) and would employ quantitative assessment on the results form primary studies. Systematic Mapping Studies: that aim to find and classify the studies in a specific area and have a broader research question. They are helpful in identifying available primary studies before conducting SLR. They use the same search and selection procedure as conventional SLR but their focus is on the classification of the resulting studies to provide a map of the research in that area. Tertiary study: An SLR that aggregates the data and information from a number of existing SLR on a specific topic or area of research is called as Tertiary study [8] . A tertiary study aims to provide information about the available published SLR on a specific topic and tabulate the information regarding these SLR, e.g. the number of SLR published, their quality and the focus of those SLR within the topic of interest. Various tertiary studies have been published in software engineering recently e.g. [8] [9] [10] [11] , but to the best of our knowledge none of them focus on aggregating the SLR for RE.
In this paper we present for the first time a tertiary study that aims to identify all the SLR published about RE related topics by following EBSE guidelines [7] . Our objective is to present the topics covered by these SLR and the number of primary studies found in those SLR to create a richer picture of the empirical research in RE thus far. Our study has identified 53 distinct Systematic Reviews in RE related areas published from 2006 to 2014 and reported in 64 publications. Our tertiary study reported in this paper is also the first step in our larger research plan for contributing to an updated roadmap of RE following the roadmaps published in 2000 [1] and 2007 [2] .
Section II gives details of the Systematic Review Planning and Execution. Section III presents the results of review process and discusses our answers to the research questions. Section IV describes limitations of the results, and section VI states the conclusion and suggests future works.
II. SYSTEMATIC MAPPING TERTIARY STUDY
According to the EBSE guidelines there are three main phases of a Systematic Review [7] , planning, execution and reporting results.
A. Planning
During the planning phase we developed a formal protocol containing the details of the strategies for search and selection process, quality assessment, data extraction, data synthesis and data analysis. Our tertiary study was guided by three research questions: To answer RQ1, based on the publication titles and abstracts, we identified topics of SLR and grouped similar studies together under the same category. The reason for this exercise was not only to identify the coverage but also to identify gaps in the RE research (RQ3). The number of primary studies identified by these SLR shows the coverage of empirical work within their area of focus in RE.
To answer RQ2, we assessed both the quality of the SLR and the quality of the publications. We used the quality assessment checklist from previously published tertiary studies (e.g. [8, 9, 11] ) for evaluating the SLR as a whole (grouping multiple publications together where applicable). These tertiary studies have utilized the criteria defined by the Centre for Reviews and Dissemination (CDR) Database of Abstracts of Reviews of Effects (DARE), of the York University. It includes four questions for assessing quality of an SLR as shown in Table I . The quality assessment criteria were applied on the whole study rather than on every single publication from that study due to the fact that all required information may not be found in a single publication especially if it is a conference or a workshop paper due to space limitation. For assessing the individual publication quality, we used Google Scholar citation count as criteria. Citation count is considered as a measure of the impact of the publication on relevant research community. The citation count was checked on 19 th May 2014.
We had two major search terms in our study: "Requirements Engineering" AND "Systematic Literature Review". We conducted pilot testing on the major search terms to identify relevant terms and synonyms used in published literature for them. We also consulted previously conducted tertiary studies and systematic reviews on RE to complete our set of keywords for the search strings. Concatenating all the keywords with Boolean operators resulted in the following search string: We applied the string on IEEE xplore, ACM DL, Science Direct, Google Scholar and EI Compendex. The string was customized for different online databases according to their interface requirements while keeping the logical order consistent. We did not apply any limit on the year of publication for our results. To triangulate our results we also performed snowball sampling technique and did manual searches of the references in four previously published tertiary studies (i.e. [8] [9] [10] [11] ). To further ensure the completeness of our review, we also checked the proceedings of the RE and SLR related conferences and journals from 2004 onwards (RE, EASE, ESEM, REFSQ, REJ, ESE and IST).
We filtered out the totally irrelevant studies by scanning the abstracts. The papers that reported normal literature reviews or surveys or bibliographic studies were also excluded from our list. We selected the studies only if they fulfilled all three of the following study selection criteria: As recommended in previous tertiary studies ( [8] [9] [10] [11] ) we kept all multiple versions of publications from the same study and grouped them under same study ID as the conference and workshop papers have a page limit and may not be able to explain the whole SLR process in details. Based on the guidance provided in [12] , we extracted publication details showing characteristics of the included SLR (i.e. title, authors, year of publication, type of publication, conference / journal name and complete reference, and number of citations to that paper) and information required to answer our three RQs (i.e. number of primary studies, focus of SLR). The grouping of main topics covered by the selected SLR (first column of Table VI), was done by applying thematic analysis [12] of the titles and abstracts of selected publications.
B. Execution
Appendix A shows the full reference list of the included publications. We assigned them IDs based on the study so that multiple publications from the same study are grouped under the same ID with suffix A, B and C. These studies are referred to by their IDs in the rest of this paper.
The search string was customized to be applied on all the selected digital libraries on the titles. The whole process for primary searches (as presented in Table II ) resulted in 267 eligible studies out of which 91 passed the selection criteria described above. The secondary searches found 5 SLR that were not retrieved in the primary search process. S42 was found from [10] , S45 from [11] , S47 from [9] , S34[B] was found from ESE and S44 was found from REJ. S42, S45 and S47 were not retrieved in our primary searches as we applied the search string on the titles of the papers to reduce the huge number of irrelevant results that was expected due to the string being too broad. The titles of these papers did not have required terms of our search string. S44 was found in REJ in November issue and S34 [B] was in December issue of ESE. They were not found in the primary search results because the searches were conducted in October 2013. After secondary searches and inclusion/exclusion and discarding duplicates we were finally left with 53 unique SLR from 64 publications. Out of 64 papers, we were not able to retrieve full paper for two studies i.e. S3 and S8, both of them are theses found on Google Scholar but we were unable to find the full documents. We were able to get PDF file for S40 found from Google Scholar, but unable to find any information regarding the channel of publication. Eight studies have been reported in two publications each (S7, S23, S24, S26, S27, S30, S34, S35) and one study is reported in three publications (S5A, B, and C). One SLR (S2) has extended second version conducted later to update the results.
III. RESULTS AND DISCUSSION
According to the results of our tertiary study, 53 systematic reviews have been performed on various RE topics reported in 64 publications (including conference papers, journal papers, theses, and technical reports). The time period for the publications in our result is from 2006 till 2014 (Figure 1 ). There has been a sudden increase in the number of publications since 2009 onwards. In our 64 resultant publications, there are 31 conference papers, 16 journal papers, 4 workshop papers, 4 technical reports, and 8 theses. We were unable to determine the type for one publication (S40) as the full details were not available online. Out of 53 studies there are 12 Systematic Mapping Studies (S4, S6, S7, S9, S10, S12, S21, S34, S43, S44, S45, and S46), one Meta-Analysis (S42), and the rest are all Systematic Literature Reviews. Table IV shows the classification of the SLR according to their scope of study within RE for assessing the primary studies. 33 studies provided only state of the art within the area of RE that they focused whereas 7 SLR collected primary studies for assessing methods, 7 focused on Techniques, 4 on Tools and 1 each on Framework and Technology.
Table V presents the topics covered in RE by the resulting 53 studies and the coverage of primary studies by these SLR (column "# of PS"). The number of primary studies in the SLR reported in RE range from highest 4089 (meta-analysis in S42) to lowest number 5 (S27). S42 provides meta-analysis of all publications of RE for the period of 1963-2006 regardless of being empirical or not. Four SLR have reported more than 200 primary studies in their area of focus within RE. S21 has reported 364 primary studies, S25 found 281, S24 found 242 and S4 found 240. According to Table VI these four SLR focus on the Value based Requirements Engineering (S21), User Requirements Notation (S25), state of the art in RE (S24), and Requirements Prioritization (S4). Five studies have found primary studies between 100 to 200 (S30 100, S20  118, S29  125, S7  149, S43  177). There are four studies that found less than 10 primary studies in their area of focus (S1  8, S13  9, S14  8, S27  5). There are two possible explanations for the small number of primary studies that these four SLR have reported. Either these are neglected areas in empirical RE research or the SLR had limitations in locating all the relevant primary studies. S1, S4, S6, S8, S9, S10, S11, S12, S15, S19, S20,  S21, S24, S25, S27, S28, S29, S30, S31, S33,  S34, S35, S37, S38, S41, S42, S43, S44, S45,  S48, S51, S52, S53   33   Methods  S3, S5, S7, S14, S18, S23, S32  7  Techniques  S2, S13, S16, S36, S46, S49, S50  7  Tools  S26, S39, S40, S47  4  Frameworks  S22  1  Technology  S17  1 
RQ2: What is the quality of the published SLR in RE like?
We applied the Quality Assessment criteria described in Table I on all the studies. Figure 2 shows the distribution of the number of studies in different quality scores. Out of 53 we were able to retrieve 51 studies on which we could apply quality criteria (as we couldn"t find full sources of S3 and S8). 42 studies out of 51 have scored 2 or above out of 4. Figure 3 represents the number of studies classified according to the scores for each quality assessment question (see Table I ). Figure 4 shows the average of the quality scores of the publication over the span of the years of their publication. Although in all years the quality of the SLR has average score of above 2, there is a decrease in quality score after 2009 with the increase in the number of SLR studies being published (Figure 2 and 4) .
In previously published tertiary studies [8, 9] , it was observed that the average quality scores of all the SLR in Software Engineering has increased over the years. According to Figure 1 , for SLR in RE there is a sudden increase in the publications in 2009, but if we look at Figure 4 , the average quality of the published SLR has decreased starting from the same year. One of the reasons in the decrease of the quality can be inferred from Figure 3 . It shows that over half of the SLR have ignored to assess the quality of the included primary studies (QA3) and also neglected to provide an overview or summary of the included primary studies (QA4). The distinguishing factor of an SLR against a traditional literature review is the rigor of process but if the researchers would overlook this aspect then the results would not be as reliable and useful to the RE community. This is a serious issue worthy of further consideration because if the quality of the included primary studies is not assessed then there can be serious threats to the validity of the results produced by those SLR. 
RQ3: What are the gaps in the coverage of RE research topics in the published SLR?
In answering this questions we were interested in three types of gaps in the SLR on RE. First, we considered the anomalies and potential conflicts in the reported number of primary studies in the SLR on the same topic by different authors in different years. Second, we were concerned about the small number of reported primary studies in some of the SLR. Finally, we observed some of the well known areas of RE research that seem to have been neglected by researchers who have conducted SLR. 1) Anomalies: In some cases, there are doubts about the number of primary studies included in the SLR as they are not providing a consistent view. For example, in Table V, for Requirements Prioritization, S1 has reported 8 primary studies from 1996 to 2005, whereas S4 has reported 240 primary studies from 1996 to 2007. It is indeed very surprising to have found additional 232 published empirical studies on requirements prioritization in a span of just two years. When we look at the procedure followed by these two SLR (S1 and S4), although both of them were looking for empirical studies on requirements prioritization but they have searched with different search terms in their search strings, covered different number of data bases (S1 has searched 8 sources whereas S4 has searched 14) and devised different inclusion/exclusion criteria. This raises concerns on the validity of SLR process adopted by S1 and also on the usefulness of the results for future RE researchers if they do not provide a complete and correct coverage within their area of focus.
Another example is the SLR on the state of the art in RE (S24) that has included 242 studies from the entire body of the empirical RE research literature. However, in Table V we see that S4 has 240, S21 has 364 and S25 has 281 primary studies on specific topics within RE. If a researcher is focusing on a specific topic within RE, then the number of included primary studies reported should have been a subset of the primary studies that were included in the state-of-the-art for the entire RE research literature (S24). The fact that this is not the case in these examples raises serious concerns both about the strict compliance to the EBSE guidelines as well as the reliable coverage of the published literature. There is a strong need for replicated studies on the similar topics to verify these results. If the protocol for the conduct of SLR is readily available, then replication of studies should be straightforward.
2) Lack of primary studies: The number of selected primary studies in table V is not uniform under all the related topics. Some topics report in excess of 300 primary studies whereas in others we observe less than 10 primary studies. For example, Data quality requirements (S14) and causes of requirements change (S27) have the lowest number of primary studies selected. This could be due to two possible explanations: (a) the procedure followed by these SLR was not effective enough to find all the relevant primary studies, or (b) these are indeed neglected areas of empirical RE research and imply a need for further empirical exploration by the RE research community.
3) Ignored RE areas by SLR: We concede that the classification provided in Table V is neither exhaustive nor complete, as it does not represent all the areas of RE-related research covered in the literature. It only represents those RE research areas that our selected SLR has covered. For example, goal-oriented requirements engineering, requirements engineering in law, and requirements modeling notations have been the subject of many publications but not covered by any SLR so far. However, mapping the topics covered by the SLR against those suggested by [1, 2] for future research has enabled us to identify some of the current gaps in the RE research as described above. According to the RE roadmap by Chang and Atlee [2] [1] have highlighted two important areas within RE: conflict resolution among requirements and requirements negotiation, which are not covered by any SLR so far.
IV. LIMITATIONS OF THE STUDY
Though we have succeeded to closely follow the search strategy based on the guidelines of EBSE to ensure the completeness of our sample, but there is always a small risk that there would be some papers that were not included in our data collection due to their unavailability in electronic resources or because they may not have used the relevant keywords in their title or abstract. To mitigate this risk, we have attempted to triangulate our results with secondary searches. Out of the 64 included papers, we were unable to retrieve the publication details of one SLR (S40). We decided not to exclude this SLR in current results as we were interested to know any SLR conducted in all areas of RE that is available online. But for our future work for contributing to the development of a new roadmap of RE we will not be considering the non peer-reviewed studies or SLR with low quality score in our work.
To answer RQ1, we extracted the topics from the titles and abstracts of the selected SLRs. Then the first author grouped the extracted topics and appropriately named each group as listed in Table V . Although the other two authors then reviewed these names given to each group and agreed on the final names but it is possible that other researchers may select different titles for naming each group. In our future analysis of the RE SLRs, we plan to provide a short description for each group to provide further clarification of what is included in each group. For RQ2, as mentioned above, we have closely followed the quality assessment criteria recommended by the EBSE guidelines. Hence the quality of our quality assessment is as good as what those guidelines have provided. We anticipate that in future as the EBSE community evolves and matures, these guidelines may further be enhanced and improved thus increasing the confidence in the SLR quality assessment. We have also observed that the most cited SLR in RE, S2[A] from Davis et. al., does not show the highest quality score. Finally, for RQ3, we conceded that our gap analysis is neither complete nor exhaustive and it merely presents our preliminary observations. To make this a complete list requires deeper analysis of all selected primary studies.
V. CONCLUSION AND FUTURE WORK
The tertiary study reported in this paper has identified 53 unique SLR from 64 publications in the period 2006-2014. This paper represents the first ever tertiary study in the RE research literature. As such we anticipate that the data gathered and the results presented in this paper would be of great value to future RE researchers, in particular for doctoral students to provide an effective starting point for an overview of all the researched areas so far in RE. Furthermore, we have been able to identify various research gaps from our mapping that is beneficial for those interested in selecting fruitful areas of RE research. In this paper, we have also identified some of the anomalies in the results of already published SLR in RE that highlight potential opportunities for SLR replication in the future. Almost half of the selected SLR for our study have ignored to evaluate the quality of the primary studies included in their reviews. Careful attention should be paid to quality assessment criteria by future researchers.
This study is the first step in our research plan for contributing to an updated roadmap of RE following the roadmaps published in 2000 [5] and 2007 [4] . We are planning to retrieve all the citations from the published SLR and create a larger repository to combine the results within all the topics of RE in order to assess the strength of these areas for the future generations of RE researchers. Furthermore, we would like to contribute to the online RE bibliography created by Alan Davis [13] that is up to 2010 by updating the database to include publications from 2010 to 2014 [6] . 
